We study the homogenization of a parabolic equation with oscillations in both space and time in the coefficient a x/ε, t/ε 2 in the elliptic part and spatial oscillations in the coefficient ρ x/ε that is multiplied with the time derivative ∂ t u ε . We obtain a strange term in the local problem. This phenomenon appears as a consequence of the combination of the spatial oscillation in ρ x/ε and the temporal oscillation in a x/ε, t/ε 2 and disappears if either of these oscillations is removed.
Introduction
We study the homogenization of ρ x ε ∂ t u ε x, t − ∇ · a x ε , t ε 2 ∇u ε x, t f x, t in Ω × 0, T , u ε x, 0 g x in Ω, u ε x, t 0 on ∂Ω × 0, T ,
which contains oscillations in both space and time in the coefficient a x/ε, t/ε 2 in the elliptic part and spatial oscillations in the coefficient ρ x/ε that is multiplied with the time derivative ∂ t u ε . The technique is an adaption of two-scale convergence to parabolic homogenization. To deal with the oscillations of ρ x/ε , we need to make a special choice of test functions for our approach to apply, which is the reason why an additional term is obtained in the local problem. This phenomenon appears as a consequence of the combination 2 Journal of Function Spaces and Applications of the spatial oscillation in ρ x/ε and the temporal oscillation in a x/ε, t/ε 2 and disappears if either of these oscillations is removed. Understanding 1.1 in terms of physics, the coefficient ρ x/ε means that the density and the heat capacity may follow a pattern of spatial heterogeneity similar to the thermal conductivity. It is worth noting that the strange term in the local problem appears with a coefficient ρ x/ε with spatial oscillations with the same frequency as the heat conductivity coefficient but without the corresponding temporal oscillations. To the authors' knowledge the physical interpretation of this phenomenon remains to be understood.
A related problem is studied by Nandakumaran and Rajesh in 1 , with the temporal oscillations of the same frequency as the spatial ones and hence the resonance phenomenon in the local problem that we obtain for 1.1 does not appear; see also Remarks 3.3 and 3.4. They investigate
with mixed boundary conditions under certain continuity and monotonicity assumptions on ρ and a. There will turn out to be a significant difference between the treatment of the cases where the speed of the temporal oscillations is governed by ε, as in 1.2 , and ε 2 , which is considered in the main result of this paper. Simpler linear problems without temporal oscillations are found in, for example, 2, 3 .
Two-Scale Convergence
Our main tools are some versions of two-scale convergence. Two-scale convergence was first introduced by Nguetseng in 4 . The definition below was established by Allaire in 5 and has become the standard way to define two-scale convergence. It is a slight modification of the original definition in 4 . 
Translating to the appropriate evolution setting we introduce the next variant.
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The somewhat weaker type of convergence defined next is an essential tool in the homogenization of 1.1 and under certain assumptions works without the requirement on boundedness in L 2 which is necessary to obtain convergence up to a subsequence in usual two-scale convergence, see 6 . 
where 
Homogenization
We develop a homogenization procedure for 1.1 and obtain the result in the theorem below. Omitting the rapid temporal oscillations, that is, replacing a x/ε, t/ε 2 with a x/ε , there are no important consequences of the appearance of ρ x/ε and the local problem would be the same as for ρ 1. With the temporal oscillations the situation is, however, sometimes different from what it should have been with, for example, ρ 1. We need to apply 2.8 to find the local problem but encounter a difficulty in the sense that ρv does not in general have average zero over
This necessitates a construction of special test functions to be used in the weak form 3.6 of 1.1 in the proof of Theorem 3.1. 
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where u is the solution to
where
Remark 3.2. For ρ 1, the right-hand side of 3.5 is zero and hence the strange term in the local problem disappears. An interesting question is to investigate if there are ways to make the strange term disappear and obtain a more conventional local problem also when ρ is oscillating. This would simplify the use of standard software for the solution of the local problem. See Remark 3.3, where this is discussed for the case where the temporal oscillations are of the same frequency as the spatial ones, and Remark 3.4.
Proof. Let us study the weak form
We apply 2.6 and 2.7 , pass to the limit and arrive, up to a subsequence, at the homogenized problem 
Hence, we have 
